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Abstract 
New routes to highly functionalised heterocycles 
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This study focuses mainly on the synthesis of tetrahydrofuran and pyrrolidine 
I 
derivatives. The heterocyclic skeletons have a core structure of 4 carbons and 1 
heteroatom and occur naturally and synthetically (Figure 1). 
X=O orN 
R1 = Ar, H, etc R2 = Ar, Alkyl, etc 
if X = 0 then R1 is a lone pair 
EWG = C02Me, CN, C02Et, etc 
Figure 1 
The five membered monocyclic nitrogen and oxygen containing ring systems 
are constructed by reacting activated vinylcyclopropane intermediates with a range of 
carbon heteroatom double bond electrophiles. Such reactions are known as palladium 
(0) mediated cycloadditions (Scheme 1 ). 
A___/EWG 
• V'EWG 
_ .......... '· .. 
~-" ....... ~ '· ~ 
Scheme 1 
A~ 
X R2 
. I 
R1 
X= 0 or N if X= 0 then R1 
is a lone pair 
EWG = C02Me, C02Et, CN, etc 
Variables such as functional groups, solvent changes and catalysis, as well as 
the effect of Lewis acids on the yield and stereochemical outcome of the product was 
investigated. The final part of this study details the application of these cycloadditions 
towards the synthesis of the pyrrolizidine and indolizidine alkaloids (Figure 2). 
Me02C Me02C C02Me C02 Me 
Figure 2 
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CDCh deuterated chloroform 
COSY correlated spectroscopy 
C2HsOH ethanol 
DBA dibenzylidene acetone 
DCM dichloromethane 
DEPT distortionless enhancement by polarisation transfer 
DMF dimethylformamide 
DMSO dimethylsulphoxide 
El electronic ionisation 
eq equivalent 
EhO diethyl ether 
EtOAc ethyl acetate 
EWG electron withdrawing group 
g grams 
KOH potassium hydroxide 
Ln ligand 
MeCN acetonitrile 
--· ·-~------
MeOH methanol 
mg milligrams 
MgS04 magnesium sulphate 
MHz megahertz 
m! millilitres 
mmol millimoles 
m.p melting point 
m!z mass to charge ratio 
NCS N- chlorosuccinimide 
NMR nuclear magnetic resonance 
P.E. light petroleum ether 
pp m parts per million 
RT room temperature 
SN2 nucleophilic substitution bimolecular 
str stretch 
THF tetrahydrofuran 
TMS trimethylsi!ane 
uv ultraviolet 
7 
4 
12 
Compound numbering 
p-Bromobenzylimine of ethyl glycine 
ester 
Br 
1 
4 
6 
7 0 
I 11 10 
N~~ 
9 0 11 
8 
2 
Cyclic amino ester 
Br 
2 ~ 3 
I ~ 4 
.h- 5 -
6 : 13 ~ ;J;i.12 
N ', . ~0'-../11 
0 10 
N-(Trimethylsilyl)imines 12-19 
7 
4 
16 
6 
13 
Me 5 
3 
~ 
4 
7 
4 
17 
1 H 
2 
5 
14 
18 
5 
15 
4 
19 
Vinylcyclopropanes 
2 
EWG 
1 
EWG 
Tetrahydrofurans 
Tripiperideine 
Compound numbering 
Pyrrolidines 
EWG 
7 
10 
11 
X= OorS 
Zinc dihalide diimine complexes 
1, 4 Diethoxy but-2-ene 
1 3 
/"<... / /"<... ..OEI EIO...- ~ ........__...... 
2 4 
Substituted cyclopentanes 
R= CHO or CH,OH 
NMR assignment: 
Where mixtures of diastereomers are formed, C' will be used to denote a carbon 
atom corresponding to the cis-isomer. The trans-isomer will be presented as C. 
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1. Introduction 
1.1 Aims of project New routes to highly functionalised heterocycles 
Heterocycles play an important biological role in organic chemistry. Examples 
of heterocycles are found in DNA, vitamins, enzymes and eo-factors, which catalyse 
chemical reactions within living cells. Further applications of heterocycles can be 
found in the agrochemical, medical and food industries. They are also found in 
photographic materials and dyestuffs. Therefore chemical synthesis of heterocycles 
for biological examination continues to be investigated. Significant examples are 
given below (Figure 3). 
Adenine 
( DNA purine base) 
~Me Me,7'··)lN~ 
O~N N 
I 
Me 
Caffeine 
(stimulant) 
Thymine 
( DNA pyrimidine base) 
H 
Jl J=[~ ~ S Me 
R N ~-·' H 
N Me 
o ····eo H 
H 2 
Penicillins 
(antibiotic) 
HO OY:XN 0 
\......._,....o,..;N ,.-:;. v Me HO OH 
,' 
' 
Azidothymidine 
· · · · (anti HIV) ---
Figure3 
1 
Vitamin B. 
(pyridoxine) 
Me 
A detailed discussion on heterocycles can be found m 'Comprehensive 
Heterocyclic Chemistry' .1 Naturally occurring heterocycles play an important role in 
cell metabolism. Examples include the proteinogenic a-amino acids (proline, histidine 
and tryptophan) and also important molecules such as chlorophyll, haemoglobin and 
sugars found in the animal and plant kingdom. 
Many heterocycles display a wide range of biological activities such as the 
nat\lral penicillins and cephalosporin antibiotics and the analgesic alkaloid morphine. 
Synthetic heterocycles have found a use as anticancer agents, analgesics, antibiotics, 
pesticides and insecticides. Some structural examples are illustrated below (Figure 4). 
Cephalosporin C L-Histidine 
Figure 4 
The aim of this project is to develop synthetic methodologies towards the 
construction of functionalised tetrahydrofurans, indolizidine, pyrrolizidine and 
pyrrolidine derivatives in an efficient manner. 
1.2 Occurrence of natural tetrahydrofurans and pyrrolidines 
The tetrahydrofuran skeleton is very common in natural products and is 
present in potent biologically active compounds such as insect pheremones, 2 polyether 
antibiotics/ and marine epoxylipids. 4 Functionalised tetrahydrofurans are useful 
2 
skeletons for the construction of pharmacologically important furanoid groups, such 
compounds posses a range of potency and specificity. 5 The diverse bioactivities of 
tetrahydrofurans highlights the need for methodologies to be developed toward their 
synthesis (Figure 5). 
HO 
M eO 
OH 
OAc 
...... 0 
0 
OH 0 C02H 
~ .... 
HO 
Polyoxin J 7 
an N-nucleoside 
Annonacins 
an annonaceous acetogenin 
Figure 5 
3 
-
OH 
(+)- Tepharorin6 
contains flavanoid side chains 
N:=>=-0 }-~ 
0 
The pyrrolidine alkaloids are a large family of natural products that can be 
found in various plant sources. The properties of the examples given below have lead 
to significant efforts to synthesise functionalised pyrrolidines as reviewed by Figadere 
et a/ 9 (Figure 6). 
o-5-
H 
Norhygrine1° 
0 )•"'' 
M eO 
Plakoridine A 
From a sponge 
Figure 6 
1.3 The preparation of pyrrolidines and tetrahydrofurans 
OH 
The tetrahydrofuran skeleton can be formed in high yields when cyclizing an 
alcohol with a C-H bond in the o position with lead tetraacetate. The reaction is 
usually carried out at 80°C but can also be done at room temperature if the mixture is 
irradiated with UV light. A likely mechanism for the lead tetraacetate reaction is the 
generation of radicals by UV light followed by an internal cyclisation to form the five 
membered ring. (Scheme 2). 11 
4 
Pb(OAc)4 
nPb(O-A-c)-
3
-
OAC 
I 
AcO-Pbo 
I 
OAC 
c~ 
-Pb(OAch OH 
n 
Pb(OAc), OH 
l 
0 + Pb(OAc)2 + AcOH 0 
Scheme2 
11,5 internal hydrogen abstraction 
~~ 
OAC ) OH 
AcO-~bo) 
I 
OAC 
It is important to note that fragmentation of the substrate and oxidation to the 
aldehyde or acid are reactions that compete. 
The first way of forming a pyrrolidine ring system was by the Hoffmann-
Loffier reaction. 11 The first step is a rearrangement. Migration of the halogen atom 
from the nitrogen to the 4 or 5 position of the alkyl group is followed by ring closure. 
The mechanism is of a free radical type with the main step involving an internal 
hydrogen abstraction (Scheme 3). 
5 
?' 
~N......._ 
R R' 
H+, heat 
orhv 
Scheme3 
l 
A convenient synthesis of a tetrahydrofuran and a pyrrolidine derivative is the 
reduction of but-2-yn-1,4-diol to butane 1,4-diol followed by cyclisation using 
phosphoric acid to form the THF skeleton. Conversion of the diol to 1,4-dibromo 
butane followed by addition of a functionalised amine gives the pyrrolidine skeleton 
with the functionality remaining on the nitrogen (Scheme 4).12 
Q 
2800C 
Scheme4 
6 
./'-... ~ _oH HO' ......_.... ......_, 
./'-... ./'-... _OH HO' ......_, ......_, 
./'-... ./'-... _Br Br' .......,.. .......,.. 
Alternatively the formation of such heterocycles makes use of a Dieckmann 
reaction. The production of isomeric carbanions can lead to the formation of isomeric 
products. It can be seen that sodium in toluene gives an alternative product to sodium 
methoxide in ether (Scheme 5). 
~Me 
[ Moe,cl_}"'] 
j 
Et,O 
Z=O, NH 
Scheme 5 
7 
Ph M~ 
Na 
[MoO,c--l__z__jo'"'] 
j 
1.4 Synthetic applications of vinylcyclopropanes 
It was decided to begin this project with the synthesis of functionalised 
vinylcyclopropanes so that they can be used as starting materials for the synthesis of 
functionalised tetrahydrofuran and pyrrolidine derivatives. Functionalised 
vinylcyclopropanes are useful entities in relation to the various types of 
transformations they may undergo. These include stereoselective ring expansions13, 
nucleophilic14 and electrophilic15 ring opening and most notably transition metal 
catalysed reactions. 16 The following research groups have investigated the versatility 
of some vinylcyclopropanes as intermediates17' 20 in natural product synthesis 
(Scheme 6). 
Trose1- 1979 
Salaun22 - 1981 
h 
OSiMe, 
OSiMe, 
Me3Si0 
38QDC 
Me,SiO 
8 
OSiMe, 
~OH 
••• .. 
R 
Aphidicolin 
0 
,,, /'... /'.. 
•'' ""-==/- '-/ , CO,H 
a-l 
11-Deoxyprostaglandin Ez 
Paquette23 -1984 
OMe 
380DC 
a-Vetispirene 
Scheme 6 
Tsuji et a!, discovered that a five membered cyclic compound could be formed 
by addition of a vinylcyclopropane to a palladium catalyst (Scheme 7)24•25•26•27 
Tsuji 
C02 Me 
DMSO, 80°C, 3 hours 
Scheme 7 
Tsuji also reported a synthesis of y-lactams from an activated 
vinylcyclopropane and aryl isocyanates using a Pd(O) cycloaddition reaction.28 This 
was the only reported method of making a heterocycle by using a vinylcyclopropane 
as a synthetic intermediate. Hexamethylphosphoramide (HMPA) and isocyanates are 
highly toxic reagents that are used in this reaction (Scheme 8)28 
9 
Tsuji 
C02 Me ~C02Me 
'lo 
,-:C 
N"' 
+ ~ P~(dba)3.CHCkBll:JP 
MeO HMPA, 250C, 1 hour 
SchemeS 
0 
The toxicity of Tsuji' s reaction has prompted us to develop this methodology 
and investigate the use of safer starting materials and solvents. It has been reported 
by L. T. Tang that using less toxic electrophiles such as aromatic aldehydes, imines 
and diazo compounds provides access to a range of other functionalised 
heterocycles. 29 These reactions were performed using various Lewis acids, solvents 
and catalysts to control the stereochemistry of the product (Scheme 9). 
Tang 
Aromatic aldehydes 
EWG ~EWG + Pd(O) solvent 
Lewis acid 
Ar =Ph, p-NCsH4, p-BrCJi!, p-NCC6H4, 
p-02NC6~, p-H2NCOC6~, p-MeOC6~ 
rct-
0 Ar 
cis 
N.B. No product was formed when Ar = p-HOC6H4 and (CH3)3C and EWG = S02Me 
orSO,Ph. 
10 
trans 
!mines 
EWG EWG /R' 
EWG N Pd(O) ~EWG ~EWG ~EWG + R)LH + solvent N N ''R I R Lewisacid 
R' 
cis 
EWG = COzMe or COzEt 
R =Et, Ph, Hand R1 = p-0MeC6~, OCHzPh and Si(CH3)3 
Diazo 
+ 
Scheme9 
Pd(O) 
Solvent 
Le\Ms acid 
Tang discovered that subtle factors such as solvent, Lewis acid, nucleophilic 
reagents and temperature effect the stereochemical outcome of the functionalised 
tetrahydrofuran and pyrrolidine derivatives. The tables found in 'New routes to 
heterocyclic product families ' 29 prove that the yield of these pyrrolidine and 
tetrahydrofuran derivatives are, in most cases, significantly increased when the 
reaction is carried out in the presence of a Lewis acid and a polar solvent such as 
DMF. It was also possible to separate the diastereomers of the products and calculate 
diastereomeric ratios (Scheme 9). 
11 
I 
R' 
trans 
L5 Retrosynthesis and proposed mechanism ofPd(O) mediated cycloadditions29 
With the results of L. T. Tang in mind, it is possible for us to propose a 
retrosynthetic strategy and a mechanism for the formation of tetrahydrofuran and 
pyrrolidine derivatives that takes into account the effect of palladium as the 
nucleophilic catalyst, and the use of vinylcyclopropanes as starting materials. 
Retrosynthetically a 1t-allyl palladium zwitterion [1,3 dipole (3 atom 
fragment)] is formed by addition of a vinylcyclopropane to a palladium catalyst. 
Addition with certain electrophilic species [1,3 dipolarophile (2 atom fragment)] to 
form a five membered heterocycle is overall known as a [3+2] cycloaddition reaction 
(Figure 7). 
~= > X-Y 
1,3 dipole (3 atom fragment) +catalyst 
- + X=Y 
1,3 dipolarophile (2 atom fragment) 
Figure 7 
The reaction only requires a catalytic ( 5-10%) amount of palladium reagent, 
which implies that the mechanism is cyclic and that the catalyst is regenerated upon 
formation of the five membered heterocyclic product. The initial step is oxidative 
insertion of the palladium(O) catalyst into the alkene of the vinylcyclopropane to 
generate a 1t-allyl palladium zwitterion. 
The double bonds of electrophiles such as aromatic aldehydes and imines are 
subject to nucleophilic attack by this zwitterion. When this happens a second transient 
12 
zwitterion is formed. The resulting anion subsequently attacks the n-allyl site 
(reductive elimination) to form a tetrahydrofuran or pyrrolidine derivative and to 
regenerate the catalyst (Scheme 10). 
EWG r-~EWG 
EWG 
EWG 
(II}P~EWG 
f..--~)- • EWG V X-Y 
Scheme 10 
-{Pd(O) 
(II)Pd-:. .EWG ~c-
+ I~ 
EWG J ~ - . X=Y V 
It was now decided to use this proposed mechanism and the results of L. T. 
Tang as a basis for the synthesis of further tetrahydrofuran and pyrrolidine 
derivatives. The aim of this investigation is to prepare functionalised 
vinylcyclopropanes so that they can be used as starting materials for palladium(O) 
mediated cycloadditions with various aromatic aldehydes and imines to form the five 
membered rings. The aim is to expand the methodology and results of L. T. Tang to ---~---1 
form five membered heterocycles that contain different functionalities. 
Furthermore Pd(O) mediated cycloadditions will be applied towards the 
synthesis of functionalised indolizidines and pyrollizidines. 
l3 
2. Preparation of functionalised vinylcyclopropane derivatives 
A common method for accessing an activated vinylcyclopropane derivative 
involved the double displacement of a dibromo substituted but-2-ene precursor with an 
activated methylene component. The malonic ester cycloaddition proved suitable for the 
preparation of dimethyl-2-vinylcyclopropane-1, 1 dicarboxylate (1) (Scheme 11 ). 30 
Similarly the reaction of ethyl cyanoacetate with 1,4 dibromobut-2-ene in sodium 
ethoxide was found to produce ethyl 1-cyano-2-vinylcyclopropane-1-carboxylate (2) in 
moderate yield. 2 can be formed as a possible mixture of two diastereomers due to steric 
interactions (Scheme 12). These diastereomers were inseparable by column 
chromatography and the diastereomeric ratio was undetermined. 
The use of ethyl nitroacetate as an alternative activating agent failed to form the 
desired vinylcyclopropane 3 and only 1,4 diethoxy but-2-ene (4) (Figure 8) could be 
isolated by column chromatography (Scheme 13). A plausible explanation is that the 
enolate of ethyl nitroacetate is too umeactive for cyclopropane formation and the only 
reaction occurring is nucleophilic substitution of the dibromo substituents on the starting 
material. 
0 0 
11 11 + ~Br MeO~OMe 
Scheme 11 
14 
Na, MeOH 
reflux, 24 hours 
1 52% 
~Br 
Br 
Na, EtOH 
+ 
reflux, 24 hours 
Scheme 12 
~Br 
Br 
Scheme 13 
Na, EtOH 
--x--
reflux, 24 hours 
. /"-.. ~ /OEt 
EtO' 'V" '-"' 
4 60% 
Figure 8 
2 55% 
3 
The same methodology was applied towards the synthesis of I, I dinitrile-2-
vinylcyclopropane (5). However the starting malanonitrile was difficult to handle, and 
after several attempts it was not possible to isolate the compound. Alternatively it was 
found that sodium hydride could be used to deprotonate malanonitrile. The anion formed 
then proceeded to react with 1,4 dibromobut-2-ene and subsequent displacement gives 5 
(Scheme 14). The product could only be isolated in low yield due to emulsification, 
difficult work-up conditions and the requirement of two column chromatography steps. 
The reaction was unsuccessful using DMF as a solvent. 
15 
Br~ 
Br + 
1 or 2 ~CN 
· V"cN 
5 
Conditions: 1) Na, EtOH, reflux, 24 hours (0% yield); 2) 2 eq NaH, THF (10% yield). 
Scheme 14 
L.T. Tang reported a synthesis of l,l-diphenylsulphonyl-2-vinylcyclopropane 6 
and a sample was provided for the purpose of further investigations. This was generated 
by the following procedure in excellent yield (Scheme 15).30•31 
DCM, 4days 
6 93% 
Scheme 15 
The final part of this section discusses a successful regioselective and 
diastereoselective synthesis of one further functionalised vinyl cyclopropane derivative. 32 
Displacement of 1,4 dibromobut-2-ene with the anion of N-(diphenylmethylene) 
glycine ethyl ester failed to produce the vinylcyclopropane 7 using sodium hydride in 
both polar and non polar solvents. This was proven when a simple hydrolysis of 7 failed 
to give a free amino group at the C-l position (Scheme 16). 
16 
-···-----~~ 
I 
I 
I 
I 
I 
Br~ + Br < 
Ph 
Ph 
)-Ph 
N 
C02 Et 
)-Ph 
NaH (2 eq) A--./N 7 
--x--- · V"'co Et 
THF1DMF 2 
~ 1N HCI 
+ 
1N NaOH 
Scheme 16 
It was decided therefore to direct our efforts towards the synthesis of the 
cyclopropane amino acid 10 by the method reported by K.H Park et al. (Scheme 17)n 
Addition of the hydrochloride salt of glycine ethyl ester to 4-bromobenzaldehyde gives 
the 4-bromobenzyl imine of ethyl glycine ester 8 in quantitative yield and activates the 
methylene moiety for C-alkylation. After the removal of triethylamine hydrogen chloride 
by dissolving the imine in ether and filtering, 8 was treated with base (excess NaH in 
THF/DMF (10:1)) and trans 1,4-dibromobut-2-ene. This bis alkylation results in the 
formation of the protected cyclic amino ester 9. Subsequent hydrolysis with IN HCl 
followed by neutralization of the resulting ammonium salt with IN NaOH to produce the 
cyclic amino ester 10 proved to be unsuccessful. 
Protection of the free amino group of l 0 using Hoc-anhydride and triethylamine 
as a base source to give 11 was also unsuccessful. 
17 
EtaN. MgS04, DCM 
Et02Ct.H2 
\_;::::::::. 
10 
I 
1N HCI, 1N NaOH 
X 
X Et3N, Boc anhydride, DCM 
~ 
Et02Cx~HBoc 
11 
·--:._.:::::::::. 
Boc= 
Scheme 17 
j NaH THF I DMF (10:1) 
~Br 
Br 
Et02C X.~=CHC6H4B: 
\_;::::::::. 34% 
01Bu 
With the prepared vinylcyclopropanes 1, 2, 5 and 9 and the supplied 
vinycyclopropane 6 in our possession they could be used as starting materials for the 
_ Pd(O) mediated cycloadditions involving the formation of the tetrahydrofuran and _ , 
pyrrolidine derivatives discussed in section 3.2 and 3.3. 
18 
3. Reactions of functionalised vinylcyclopropane derivatives 
J .I Preparation of imine substrates 
Various aldehydes were converted to their N-(trimethylsilyl)imines using lithium 
hexamethyldisilazine (Scheme 18, Figure 9). The yield of the imines was greater than 
100% due to the presence of LiOTMS. It was assumed that the imine was formed in 
quantitative yield and that no purification was necessary. These imines could be used as 
electrophiles for the Pd(O) mediated cycloadditions involving the formation of the 
functionalised pyrrolidine derivatives discussed in section 3.2. 
HMDS 
+ LiOTMS 
"Buli 
Scheme 18 
R Product R Product 
' 
' 
Ph 12 
CH=CHPh 13 17 
cr. :::--.. 14 -o· 0 18 cr. 15 NC 
s ' - -· ·-·---···- ' 
o· o· 19 16 
M eO Br 
Figure 9 
19 
This method of imine preparation has been well reviewed by Hart et al. 33 
Synthetically the use of imines has in many cases led to the construction of 13-lactam 
rings that are found in the penam, cepham and norcardicin families of natural products 
(Figure 1 0)34• 35 
H H 
RHNJ=(~ ~ Y.S , Me 
N ., Me 
0 ~ 
C02H 
penicillins cephams norcardicins 
Figure 10 
The reactions involved in the construction of 13-lactam rings are essentially [2+2] 
stepwise cycloadditions36 and are similar to the proposed [3+2] stepwise cycloadditions 
with activated vinylcyclopropanes which would eventually lead to the formation of 
pyrrolidine derivatives (Scheme 19). 
[2+2] stepwise cycloaddition 
Rk 1 + 1 -oR 
Br 
Zn° 
20 
R1 rozner 
)=Fj< OR 
nucleophilic 
(o 
R1Xf:_, ···-
R2 attack ~N 
H V \r 
R2 N 
I 
Ar 
l-RO· Displacement 
R1\-(R2 
}-N, 
o Ar 
+ R1):::{R2 
0 Ar 
[3+2] stepwise cycloaddition 
A_/C02R + R1>=N +Pd(O) 
' V'co2R H 'Ar activation 
-Pd(O) 
C02R Displacement 
R1 
Scheme 19 
(II)Pd-:. 
OR 
j nucleophilic attack 
(II)Pd_. C02R ~C02R 
\__:N R1 
I 
Ar 
It is important to note that the Pd(O) catalyst, in this case Pd(PPh3)4, loses two 
triphenylphosphine ligands in order to become nucleophilic, i.e. Pd(PPh3)2 [Pd(II)]. This 
activated catalyst induces ring opening of the strained vinylcyclopropane to form the 7t-
allyl zwitterionic intermediate. The Pd(O) catalyst is then regenerated upon displacement 
and ring closure of the intermediate to form the pyrrolidine product. (Scheme 19). 
To investigate the general applicability of silyl imines towards the synthesis of 
novel pyrrolidine derivatives with a free N-H, various N-(trimethylsilyl)imines: 12-19 
were prepared (Scheme 18, Figure 9).37'38' 39'40,41 The imines 20-23 were supplied 
(Figure 11 ). These are not protected with a trimethylsilyl group, therefore the respective 
pyrrolidine derivatives will not possess a free N-H. 
21 
Ph 
NJ-H H 
wf-H Ph...._~ Ph...._ -::?-....... N Ph N Ph 
l.CN 20 21 
OMe 23 
22 
Figure 11 
3.2 Palladium (0) mediated cycloadditions of prepared imines29 
With the N-(trimethylsilyl)imines 12-19 at hand, Pd(O) catalysed cycloaddition 
reactions were performed in optimum conditions of 2eq. Lewis acid and 10% Pd(PPh3)4 
in THF. It was rewarding to see that the pyrrolidine products 24-31 could be isolated in · 
moderate yields (Scheme 20). Both cis and trans isomers are formed in the reaction and 
the trimethylsilyl group is removed to leave a free N-H. In each of these cases the 
diastereomers were inseparable by column chromatography and the electrophile does not 
seem to alter the diastereomeric ratios (Table 1). 
~C02Me 
., V 'co
2
Me 
electrophile 
THF 
ZnCI2 
Pd(PPh:)4 
RT, 24 hours 
Scheme20 
22 
cis isomers trans isomers 
Diastereomeric 
N-(Tms )imines Electrophile (R) Yield(%) ratio Product 
Cis Trans 
12 Ph 45 2 1 24 
. 
13 CH-CHPh 40 2 1 25 
14 C.Jl40 33 2 1 26 
15 C4f4S 31 2 1 27 
16 C6f4-4-0Me 45 2 1 28 
17 C6H4-4-Me 38 2 1 29 
18 C6f4-4-CN 33 2 1 30 
19 C6f4-4-Br 31 2 1 31 
Table 1 
It has been discovered that nuclear Overhauser effects could assign the relative 
stereochemistry of a pyrrolidine and a tetrahydrofuran product. A full explanation can be 
found in 'New routes to heterocyclic product families' by L. T Tang. 29 It was therefore 
possible to compare the results and data of these two products and assign diastereomeric 
ratios for the pyrrolidine and tetrahydrofuran products discussed in sections 3.2 and 3.3. 
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It was now decided to perform Pd(O) cycloadditions using the non-trimethylsilyl 
protected imines 20, 21, 22, and 23 as the electrophiles. Firstly it was discovered that 
reaction of the vinylcyclopropane 1 with the imine 20 afforded the pyrrolidine 32 via a 
[3+2] cycloaddition onto the imine double bond. The substituted cyclopentanal 33 was 
also produced in this reaction due to a competing [3+2] cycloaddition across the alkene 
double bond (Scheme 21). Two products are formed in this reaction because initial attack 
of the malonate onto the electrophile 20 can either be 1,2 (Scheme 19) or 1,4 (Scheme 
22). It was also possible to separate the substituted cyclopentanal 33 from the mixture of 
products by column chromatography and reduce the aldehyde to the respective alcohol 34 
(Scheme 21). 
Ph Pd(PPh:J4 ~C02Me 1y. + ZnCI2 C02Me N_ 
2 THF 
1 20 
MeO 
Scheme21 
24 
C02 Me 
C02 Me 
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N 
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OMe 
32 38% yield 
OH 
34 
Me02C 
+ 
33 
10% yield 
NaBH4 
MeOH 
0 
C02R ~C02R RI + )=N, +Pd(O) H Ar activation 
C02R 
-Pd(O) 
C02R 
Displacement 
l ~0 
C02R 
H C02R 
0 
33 
Scheme22 
25 
OR 
j nucleophilic attack 
(II)Pd, C02R "-~C02R ~ ~ Ph 
I 
Ar 
A cycloaddition reaction with the imine 21 was attempted. Reacting the 
vinylcyclopropane with the imine 21 forms the pyrrolidine derivative 35 (Scheme 23) . 
The yield is improved significantly when carrying out the reaction in DMF due to 
solvent-polarity effects (Table 2). 
C02 Me 
K.t:02Me 
N Ph 
+ 
I 
Ph 21 
35 
Scheme 23 
Diastereomeric ratio 
Solvent Yield(%) Cis Trans 
THF 35 3 1 
DMF 49 1 1 
Table 2 
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With the reactive vinylcyclopropanes 1 and 2 in our possession it was decided to 
perform some more Pd (0) catalysed cycloaddition reactions. The reaction of 1 with the 
electrophilic species N-benzylidene-para-anisidine (22) formed 4-methoxylbenzene-2-
phenyl-5-vinylpyrrolidine-3,3-dicarboxylic acid dimethyl ester (36) as a mixture of 
diastereomers (Scheme 24). The diastereomers were inseparable by column 
chromatography. 
The investigation found that the stereochemistry of the product was affected by 
changing the conditions of the reaction (Table 3). The polarity of the solvent and the 
catalyst ligand has a combined effect on stereochemistry of the product. Highly polar 
solvents such as DMF and MeCN induce mainly trans stereochemistry in the pyrrolidine 
derivatives 36b and 36c, however the cis isomer 36a is favoured when carrying out the 
same reaction in the less polar solvent THF. 
~OMe 
N~ ZnCI2 , Pd(O) 
11 RT, 24 hours 
PhA-_H 
1 
22 
OMe 
36 a-c 
Scheme24 
27 
Solvent Pd (0) catalyst Yield(%) Diastereomeric ratio 
ligand Cis Trans 
36a- THF PPh3 22 6 I 
36b-DMF DBA 22 1 3 
36c-MeCN DBA 26 1 4 
Table3 
The reaction was explored further using Pd (OAc)z- Bu3P and Pd (0Ac)2 - PPh3 
as the catalyst. 42 unfortunately 36 was not isolated under these conditions. 
The same reaction was performed on the vinylcyclopropane 2 under the same 
conditions (Scl!eme 25). This time 4-methoxylbenzene-2-phenyl-5-vinylpyrrolidine-3-
cyano-3-carboxylic acid ethyl ester (37) was formed in substantially higher yield, 
probably due to the nature of the electron withdrawing groups. 37 was formed as a 
possible mixture of all isomers. The numbers of isomers formed was undetermined and 
were inseparable by column chromatography. 
28 
-:;;?\ .. CN 
.\.J'co
2
Et + 
or 
22 
2 
Scheme25 
RT, 24 hours 
DMF 
CN 
OMe 
37 66% 
With the prepared functionalised vinylcyclopropanes 5, 6 and 11 in our 
possession it was decided to expand the range of cycloadditions using N-benzylidene-
para-anisidine (22) as the electrophile. All reactions were carried out in DMF and in the 
presence of two equivalents of zinc chloride. Compounds of the general structure 38 
(Figure 12) were not formed and all three cycloadditions proved to be unsuccessful. 
OMe 
38 
Figure 12 
29 
It was decided to prove the versatility of these cycloaddition reactions by reacting 
the vinylcyclopropane 1 with the electrophile methyleneaminoacetonitrile (23) (Scheme 
26). The conditions of the reaction were varied to induce cyclisation. However under 
standard conditions the pyrrolidine derivative 39 could not be isolated. 
H C02 Me 
~C02Me N.)__H 1 or2or3or4 KtCO,M• 
+ 
lCN 
X 
C02Me lj N 
lCN 1 23 
39 
1) RT, THF, Pd(PPh3)4; 2) RT, THF, Pd(PPh3)4, ZnBr2; 3) RT, DMF, Pd(PPh3)4; 4) 
Reflux, DMF, Pd(PO-Tol)4. 
Scheme26 
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3.3 Palladium (0) mediated cycloadditions of benzaldehyde 
When reacting the vinylcyclopropane 1 with a different electrophile such as 
benzaldehyde it was possible to isolate 2-phenyl-5-vinyl-dihydro-furan-3,3-
dicarboxylic acid dimethyl ester ( 40) as a mixture of diastereomers that were 
inseparable by column chromatography (Scheme 27). A polar solvent such as DMF 
increases the yield but does not significantly change the stereochemical ratio (Table 
4). Diastereomeric ratios were determined by 1H NMR spectroscopy29 
+ 
RT, 24 hours 
1 40 
Scheme27 
Solvent Yield(%) Diastereomeric ratio 
Cis Trans 
THF 20 3 1 
DMF 35 2 1 
·Table 4 
The same reaction was performed on the vinylcyclopropane 2 under standard 
conditions thus 2-phenyl-5-vinyldihydrofuran-3,3-cyano carboxylic acid ethyl ester 
41 was isolated as a possible mixture of all isomers. The numbers of isomers formed 
31 
was undetermined and were inseparable by column chromatography (Scheme 28). 
The product 41 was formed in higher yield than 40. 
+ 
or 
ZnCI2 , Pd(PPh3) 4 
RT, 24 hours 
DMF 
Scheme28 
41 69% 
Other cycloadditions were attempted with a range of prepared 
vinylcyclopropanes using benzaldehyde as the electrophile (Table 5). All three 
cycloadditions were unsuccessful in producing the furan derivatives 42 (Figure 13). 
Vinycyclopropane Solvent Lewis acid EWGI EWGz 
6 DMF ZnCh SOzPh SOzPh 
6 DCM none SOzPh SOzPh 
9 DMF none N=CHC6&Br COzEt 
Table 5 
32 
42 
Figure 13 
3.4 Conclusion 
This chapter describes further developments in the construction of highly 
functionalised tetrahydrofuran and pyrrolidine derivatives by [3+2] cycloadditions. 
The reaction tolerates a variety of functional groups and a wide range of imines can 
be used as electrophiles. 
It has been shown that the optimised general conditions for the reaction 
require stoichometric equivalents of vinylcyclopropane and imine/aldehyde, I 0% 
Pd(PPh3)4, 2eq. ofLewis acid and the use of THF or DMF. Results also indicated that 
the use of sulphonyl vinylcyclopropanes failed to produce functionalised 
tetrahydrofuran and pyrrolidine derivatives. 
Due to time constraints certain aspects of controlling the stereochemical 
outcome of the products such as the use of chiral nucleophilic and electrophilic 
species44•45•46 have yet to be investigated. 
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4. Application of Palladium(O) mediated cycloadditions in natural 
product synthesis 
4.1 Indolizidine and pyrrolizidine natural product families 
Indolizidine alkaloids are found in amphibian metabolites, 47 ant venom, 48 
certain species of chestnut,49 and also in fungi. 50 The examples below include (-) 
slaframine/1 which induces hyperglycaemia and insulinemia in goats, (-) 
swainsonine/2 a potential anticancer agent and ( +) castanospermine, 53 which inhibits 
a number of insect glycosidases (Figure 14). 
~pH 
l--tJ""OH 
HOro~H~ OH 
• N ,. HO 
(-) slaframine (-) swainsonine (+) castanospermine 
Figure 14 
The closely related pyrrolizidine alkaloids are derived from ornithine and have 
been isolated from the Asteraceae54 and Boraginaceae55 plant families (Figure 15). 
HO 
HO-
Australine56 
OH 
Figure 15 
~ _po2Me 
Q)<- . ,OH ' 
Me 
Tussilagine57 
Several pyrrolizidine alkaloids have been shown to exhibit hepatotoxicity. 58 
Certain insects store pyrrolizidine alkaloids as a defence against predators whereas 
others use them as precursors for the biosynthesis of pheremones. 59 Australine and 
34 
analogues have been investigated toward the chemotherapeutic treatment of mv 
infection. 60 
4.2 Attempted synthesis of indolizidines and pyrrolizidines29 
The question that now arises is would it be possible to react five or six 
membered cyclic imines with an activated vinylcyclopropane in order to generate a 
fused bicyclic ring system? It was envisaged that under similar conditions to those 
used in the construction of pyrrolidine and tetrahydrofuran derivatives, it would be 
possible to generate functionalised indolizidine and pyrrolizidine alkaloids. 
The halogenoketone 43 could easily undergo a standard SN2 type reaction 
when treated with sodium azide and a catalytic amount of sodium iodide to form pure 
azidoketone 44 in high yield. This was done because it was envisaged that treatment 
of 44 with triphenylphosphine would allow the following aza-Wittig intramolecular 
cyclisation to proceed more efficiently and leave the cyclic imine 45 as the isolated 
product. 
It was hypothesised that in the final step the activated vinylcyclopropane could 
be reacted with the electrophilic cyclic imine to form the pyrrolizidine 46. This Pd(O) 
catalysed cycloaddition failed and only the hi-product triphenylphosphine oxide was 
present in the residue. It was therefore impossible to proceed with the reaction 
sequence and attempt the synthesis of the pyrrolizidine 46. Synthesis of 46 as a 'one 
pot' conversion from 44 also proved to be unsuccessful (Scheme 29)61 
35 
0 
Cl~ 
43 
46 
NaN3 
catalytic Nal 
DMSO 
44 
..---x 
Pd(PPh3)4 
ZnCI2 
~C02Me 
' V 'co2Me 
Scheme29 
45 
It was therefore decided to use zinc dihalide diimine complexes as the 
electrophiles so that they can be reacted with an activated vinylcyclopropane in an 
attempt to generate the pyrrolizidine 50 (Scheme 31). The zinc-diodo diimine 48 and 
zinc-dibromo diimine 49 were prepared via acid mediated intramolecular 
cycloadditions of 4-aminobutanal diethyl acetal followed by the addition of zinc 
iodide and zinc bromide respectively. Addition of these Lewis acids to the basified 
ether extracts during these experiments induces the formation of two co-ordinating 
bonds from the zinc atom to the 1-pyrroline ligands (Scheme 30). The zinc dichloro 
diimine complex 47 was supplied62 
In all three cases the cycloaddition reactions failed to occur in THF or DMF 
(Scheme 31). 
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Scbeme31 
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--x 
48 X= I 7.3% 
49 X=Br 30% 
Me02C ~O,M• 
50 
In order to overcome the difficulty of making the pyrrolizidines 46 and 50 it 
was decided to adopt a new strategy towards the isolation of the indolizidine 
derivative 55. N-Chlorination of piperidine using N-chlorosuccinimide forms N-
chloropiperidine 51 in situ. Subsequent dehydrochlorination with ethanolic potassium 
hydroxide leaves 1-piperideine 52 in ether solution. It was envisaged that addition of 
the Lewis acid zinc bromide to this ether solution would induce co-ordination of the 
1-piperideine ligands to the zinc atom and form the complex 53 (Scheme 32). A light 
brown solid was formed but unfortunately could not be characterised due. to its 
insolubility in various deuterated solvents. 53 was required so that it could be used as 
an electrophile for a Pd(O) catalysed cycloaddition with a vinylcyclopropane to 
generate the functionalised indolizidine derivative 55 (Scheme 33). 
37 
The dehydrochlorination of N-chloropiperidine can also be accomplished by 
using sodium methoxide and heat. The solid formed was proved by 13C spectroscopy 
to be the trimer of the 1-piperideine ligand, hence tripiperideine 54 was isolated in 
good yield for further use (Scheme 32)63· 64 
OH 
NCS 0 KOH 0 ZnBr2 0 .... 0 diethyl ether NCI C2H50H diethyl ether Zn 
51 52 / ' Br , Br 
t "'o~ 53 reflux 
( o) 0D 6 
54 59% 
Scheme32 
A trial reaction on the uncharacterised brown material 53 was carried out. A 
Pd(O) mediated cycloaddition with the vinylcyclopropane 1 assuming 53 as the 
electrophile was believed to be a feasible route towards the indolizidine 55 (Scheme 
33). Unfortunately this was not the case and 55 was not isolated via this route. 
0 .... 0 
/z~ 
Br Br 
+ 
53 
~C02Me 
., V "co
2
Me 
1 
Scheme33 
38 
DMF 
--x-
Pd(PPh,J,Me 
Me02C 
55 
Alternatively it was decided to react tripiperideine 54 with the 
vinylcyclopropane 1 under similar reaction conditions. Since tripiperideine 54 should 
in equilibrium with the 1-piperideine ligand it would undergo reaction by the same 
mechanism to form the indolizidine 55 (Scheme 34). However this procedure proved 
to be unsuccessful and 55 was not isolated. 
Cl:o 6 
54 
4.3 Conclusion 
+ 
~co,Me 
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--x-
Pd(PPh3)4 
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55 
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It was shown that Pd(O) catalysed cycloadditions with a vinylcyclopropane 
usmg five and six membered cyclic imines as the electrophiles is generally 
unsuccessful towards the synthesis of indolizidine and pyrrolizidine alkaloids. This 
methodology consistently results in the isolation of starting materials. 
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5. EXPERIMENTAL 
5 .I General experimental 
All solvents were purified by standard distillation before use. Reagents were 
supplied from commercial sources as appropriate. 40-60 Petroleum ether ( 40-60 P.E) 
refers to the fraction of light petroleum ether, which boils between 40-60°C. DCM, EtzO 
and MeOH refer to dichloromethane, diethyl ether and methanol respectively. Solvents 
were removed under reduced pressure using a Buchi Rll4 rotavapour. 
Infra red spectra were recorded using a Perkin-Eimer Paragon 1000 spectrometer 
with major absorbances only being quoted. The following abbreviations are used: w, 
weak; m, medium; s, strong; br, broad. 
1H NMR spectra were recorded at 250 and 400 MHz using Bruker AC250 and 
Bruker AM400 instruments with COSY editing to assist assignment of diastereomeric 
ratios. For 1H spectra recorded in CDCh chemical shifts are quoted in parts per million 
(ppm) and are referenced to TMS. The following abbreviations are used: s, singlet; d, 
doublet; t, triplet; q, quartet; m, multiplet; br, broad. 
13C NMR spectra were recorded at 100 MHz using a Bruker AM400 instrument 
with DEPT editing to assist assignment. Chemical shifts are quoted in ppm and are 
referenced to CDCh. 
Mass spectra were recorded using a JEOL-SXl 02 spectrometer as El and F AB 
with only molecular ion, molecular ion fragments and major peaks being reported. 
Accurate masses were also recorded. 
Flash chromatography was carried out using silica gel as a stationary phase. Thin 
layer chromatography was carried out on aluminium backed plates pre-coated with silica 
40 
gel, which were visualised by quenching of U.V fluorescence or by staining with 10% 
w/v potassium permanganate (followed by heat) or I2 I Si02 as appropriate. 
Unless otherwise stated all reactions were carried out under anhydrous conditions 
and an argon atmosphere. Experimental procedures are reported for those reactions that 
were successful in producing a product. 
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5.2 Experimental procedures 
2 
EWG 
1 
EWG 
Dimethyl-2-vinylcyclopropane-1.1-dicarboxylate (1) 
To a stirred solution of sodium methoxide made from sodium (2.88g, 125 mmol) 
in methanol (45 ml) was added dimethylmalonate (17.01g, 129 mmol). To this was added 
a solution of trans 1,4-dibromobut-2-ene (12.5g, 58mmol) in methanol (45 m!) over 10 
minutes. The reaction mixture was stirred at RT for 24 hours. The white precipitate was 
filtered off and the filtrate concentrated in vacuo to give an oily residue. This was 
partitioned between EhO (100 ml) and distilled water (lOO ml). The organic layer was 
separated off and washed with saturated brine, dried over MgS04 and concentrated under 
vacuum to afford a pale yellow oil (9.23g). The product was purified by flash 
chromatography (SiOz, EtzO: P.E. 40-60; 1 :4) to afford the vinylcyclopropane 1 (6.32g, 
52%) as a colourless oil; (Rr 0.32, EtzO: P.E. 40-60; 1 :4); Umax (thin film) I cm·1 2955w 
(C-H str), 1734s (C=O str), 1438m, 1274m, 12llm, ll32m; OH (250 MHz; CDCh) 1.51 
(!H, dd, J 5Hz and 9Hz, 2-C(H)H), 1.72 (!H, dd, J 5Hz and 9Hz, 2-C(H)ID, 2.51-2.53 
(IH, m, 3-Ctl), 3.67 (6H, s, 2x0Clli) 5.06-5.39 (3H, m, CH2=CH); lie (100 MHz; 
CDCh) 20.81 (2-!::H2), 31.11 (3-!::;H), 35.96 (1-!::;), 52.80, 52.95 (2x0!:;H3), ll8.91 
(!::Hz=CH), 133.30 (CHz=!:;H), 168.00, 170.23 (2 x !::;=0); mlz (EI +) 184 [MH+, 22%], 
152 [81], 124 [50], 96 [28], 93[40], 79[38], 71 [52], 65[65], 59[100], 39 [75]; (Found: 
MW 184.0738, C9H1204 requires 184.0736). 
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Ethyl 1-cyano-2-vinylcyclopropane-1-carboxylate (2) 
To a stirred solution of sodium ethoxide made from sodium (0.8lg, 33.80 mmol) 
and ethanol (30 m!) was added ethyl cyanoacetate (2.00g, 17.68 mmol). To this was 
added a solution of trans 1,4-dibromobut-2-ene (2.33g, 17.68 mmol) in ethanol (10 ml) 
over 10 minutes. The reaction mixture was stirred at RT for 24 hours. The white 
precipitate was filtered off and the filtrate concentrated in vacuo to give an oily residue. 
This was partitioned between Et20 (30 ml) and distilled water (30 ml). The organic layer 
was separated off and washed with saturated brine, dried over MgS04 and concentrated 
under vacuum to afford a pale yellow oil (2.90g). The product was purified by flash 
chromatography (Si02, EtOAc: P.E. 40-60; 3:7) to afford the vinylcyclopropane 2 (1.6g, 
55%) as a light yellow oil; (Rr 0.43, EtOAc: P.E. 40-60; 3:7); Umax (thin film) I cm-1 
2978s (C-H str), 2246m (C"'N str), 1739s (C=O str), 1640m (C-0 str), 1465m, 1446m, 
1371m, 126ls; OH (250 MHz; CDCh) 1.20 (3H, t, J 7.5Hz, CH2C!b), 1.63-1.66 (lH, m, 
2-C(B)H), 1.96-2.04 (lH, m, 2-C(H)H), 2.54-2.57 (1H, m, 3-Ctl), 4.20 (2H, q, J 7.5Hz, 
CH2CH3), 5.35-5.64 (3H, m, CH2=CB); lie (100 MHz; CDCh) 15.20 (O-CH2{;H3), 23.89 
(2-tH2), 33.73 (3-{;H), 62.85 (O-{;H2CH3), 116.73 (1-{;,N), 120.83 ({;H2=CH), 132.17 
(CH2={;H), 167.17 (1-{;=0), 17l.l3 (1-C); mlz (El+) 165 [MW] 120 [20], 93[100]; 
(Found: MH+ 165.0787, C9Hu02N requires 165.0789). 
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1,4 Diethoxy but-2-ene (4) 
1 3 
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To a stirred solution of sodium ethoxide made from sodium (0.69g, 29 mmol) and 
ethanol (30 ml) was added ethyl nitroacetate (2.00g, 15 mmol). To this was added a 
solution of trans 1,4-dibromobut-2-ene (1.98g, 15 mmo1) in ethanol (10 m!) over 10 
minutes. The reaction mixture was stirred under reflux for 24 hours. The white 
precipitate was filtered off and the filtrate concentrated in vacuo to give an oily residue. 
This was partitioned between EhO (50 ml) and distilled water (50 ml). The organic layer 
was separated off and washed with saturated brine, dried over MgS04 and concentrated 
under vacuum to afford a dark orange oil (1.68 g). The product was purified by flash 
chromatography (SiOz, EtOAc: P.E. 40-60; 3:7) to afford the compound 4 (1.24g, 57%) 
as a colourless oil; (Rr0.48, EtOAc: P.E. 40-60; 3:7);umax (thin film) I cm-1 2975s, 2930s, 
2855s (C-H str), 1445w (C=C str), 1374m, 1350m (C-O str), 1128s, 1005s; OH (250 MH2; 
CDCh) 1.21 (6H, t, J 7.5H2, OCHzC.lli), 3.48 (4H, q, J 7.5H2, OCH2CH3), 3.97-3.98 
(4H, m, 1,4 = CHz), 5.80-5.82 (2H, m, 2,3 =CH); lie (100 MH2; CDCh) 15.01 (1,4 = 
OCHzCHJ), 65.68 (1,4 = OCHzCHJ), 70.68 (1,4 = CHz), 129.51 (2,3 =CH); m/z (El+) 
144 [MH+, 55%], 103[50], 85[100]; (Found: MH+ 144.1148, CsH1602 requires 144.1148). 
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l, 1-Dicyano-2-vinylcyclopropane (Si9 
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To a stirred solution of sodium hydride (1.53g, 63.8 mmol (2.1 eq)) in THF 
(20ml) was added malanonitrile (2.0g, 30.3 mmol). This was stirred for 30 minutes at RT 
after which trans 1,4-dibromobut-2-ene (4.0g, 30.3 mmol) was added and the mixture 
allowed to stir for 3 hours at RT. The mixture was poured into EtOAc (75 ml) and ice 
water (75 m!). The mixture was then filtered through cellite and the organic layer was 
washed with brine (40 m!), dried over MgS04 and concentrated in vacuo to give an 
orange oil. The product was purified by column chromatography twice (Si02, EhO: P.E. 
40-60; 1:4) to afford cyclopropane 5 (360 mg, 10%) as a light yellow oil; (Rr0.43, Et20: 
P.E. 40-60; 1:4); Umax (thin film) I cm-1 3096w(C-H str), 2268s (C=N str), 1580m, 1447w 
(C=C str), 1444s, lOlls, 840m; OH (250 MHz; CDCh) 1.82 (lH, dd, J 5Hz and 7.5Hz, 2-
C(H)H), 2.07 (lH, dd, J 5Hz and 7.5Hz, 2-C(H)B), 2.62-2.72 (lH, m, 3-CB), 5.47-5.62 
(3H, m, CHz=CH); 0c (100 MHz; CDCh) 6.89 (1-.C), 23.67 (2-.CHz), 33.60 (3-.CH), 
114.00 and 116.00 (.C=N), 123.41 (CHz=CH), 130.06 (CH2=CB); mlz (El+) 118 [MH+, 
25%], 91 [100], 64 [20), 52[10], 39[15]; (Found: MW l18.0531, C1N2H6 requires 
l18.0531). 
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4-Bromobenzyl imine of ethyl glycine ester (Si2 
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To a solution of 4-bromobenzaldehyde (3.00g, 16.2 mmol) in DCM (60 m!) was 
added triethylamine dropwise (1.64g, 16.2 mmol)) and the hydrochloride salt of glycine 
ethyl ester (2.26g, 16.2 mmol). To the mixture was added MgS04 (1.95g, 16.2 mmol) and 
the reaction mixture stirred under reflux for 24 hours. The residue was filtered off and the 
filtrate washed with water (2 x 30 m!) and the organic layer was separated, dried over 
MgS04, and the solvent removed in vacuo. The residue was dissolved in ether (20 m!) 
and filtered. The solvent filtrate was removed in vacuo to give 8 (4.38g, 100%) as a white 
solid; m.p. 105-108°C (lit. m.p. 105-107°C); (Rr 0.56, EhO: P.E. 40-60; 1:9); Umax (KBr 
disc) I cm-1 2982 (C-H str), 2368w (C=N str), 1910w (C-Br str), 1731m (C=O str), 1651 
(C-O str); OH (200 MHz; CDCh) 1.28 (3H, t, J 7.5Hz, 11-CH3), 4.24 (2H, q, J 7.5Hz, 10-
CH2), 4.31 (2H, s, 8-CH2), 7.27-7.87 (4H, m, 7-C6H4), 8.21 (1H, s, N=CH); oc (50.31 
MHz; CDCh) 14.21 (11-C), 60.44 (8-!::;), 61.94 (10-.C), 125.1 (6-.c), 129.74 (4,5-.C), 
131.28 (2,3-.C), 134.51 (1-.c), 164.11 (7-.c), 169.91 (9-.C); mlz (El+) 270 [MH+, 100%], 
269 [79Br isotope (50%)], 256 [5], 196 [10], 169 [8], 154 [50], 136 [18], 117 [8], 107[4]; 
(Found: MW 270.0132, CuH12N02Br requires 269.0052). 
46 
Cyclic amino ester (9) 
Br 
To 8 (l.Og, 1.85 mmo1) in THF/DMF (10 m1, 10:1) was added NaH (0.16g, 3.70 
mmo1) and trans 1,4-dibromobut-2-ene (0.80g, 1.85 mmo1) and allowed to stir for 24 
hours. To this mixture was added ethyl acetate ( 40 m!) and ice water (20 m!). The organic 
layer was separated and washed with brine (1 0 m!), dried over MgS04 and concentrated 
in vacuo. The residue was purified by short column chromatography (10% EtJN in 
hexane) to give 9 as a yellow oil (404mg, 34%); (Rr 0.75, 10% Et3N in hexane); Umax 
(thin film) I cm·1 2924 (C-H str), 1714m (C=O str), 1635 (C-0 str); OH (200 MHz; 
CDCh) 1.21 (3H, t, J 7.5Hz, 11-CHJ), 1.67-1.73 (IH, m, 12-C(H)H), 1.99-2.02 (IH, m, 
12-C(H)H), 2.22-2.32 (1H, m, 13-CID, 4.24 (2H, q, J 7.5Hz, 10-CH2), 5.10-5.97 (3H, m, 
13-CH=CHz), 7.10-7.76 (4H, m, 7-C6H4), 8.31 (IH, s, N=CH); mlz (FAB) 322 [MH'", 
25%], 321 ( 9Br isotope (50%)], 307 [25], 270 [30], 183 [40], 154 [100]; (Found: MW 
322.0442, CtsHt6NOzBr requires 322.0439). 
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5 
N-(Trimethylsilyl)imines (12-19) 
To cold (0°C) hexamethyldisilazine (1.61g, 10 mmol) under N2 was added "BuLi 
in hex:anes (2.5M, 3.8 ml, 9.5 mmol). The aldehyde (9.5 mmol) was then added to the 
cold LiHMDS solution and the reaction was stirred at 0°C for 30 minutes. The reaction 
was then brought to room temperature and the hex:anes removes in vacuo to produce the 
following imines in> 100% yield due to the presence ofLiOTMS: 
/SiMe3 /SiMe3 /SiMe3 /SiMe3 
N N N N 
7 I 9 3 I 
8 
4 
~ H 3 H C{ 3 H C{ 2 
7 4 4 
4 6 5 5 
12 13 14 15 
/SiMe3 /SiMe3 /SiMe3 
N N N 7 
7 I 7 I 7 I 
1 H 
4 
4 4 4 
16 17 18 19 
N-(Trimethylsilyl)benzaldimine (12) 
OH (200 MHz; CDCh) 0.11 (9H, s, SiMe3), 7.11-7.65 (SH, m, C6H~, 8.82 (1H, s, 1-H). 
N-(Trimethylsilyl)styrylaldimine (13) 
OH (200 MHz; CDCh) 0.16 (9H, s, SiMe3), 6.77-6.79 (2H, m, 2,3-CH=CH), 7.29-7.43 
(5H, m, C6Hs), 8.62 (lH, s, 1-H). 
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N 
I 
/SiMe3 
2-N-(Trimethylsilyl)furylaldimine (14) 
oH (200 MHz; CDCh) 0.18 (9H, s, SiMe3), 6.42-6.78 (2H, m, 3 and 4-H), 7.47-7.47 (lH, 
m, 5-H), 8.64 (lH, s, 1-H). 
2-N-(Trimethylsilyl)thiophenealdimine (15) 
OH (200 MHz; CDCh) 0.17 (9H, s, SiMe3), 6.87-7.03 (2H, m, 3 and 4-H), 7.33-7.37 (lH, 
m, 5-H), 8.91 (IH, s, 1-H). 
N-(Trimethylsilyl)-4-methoxylbenzylaldimine (16) 
OH (200 MHz; CDCh) 0.14 (9H, s, SiMe3), 3.74 (3H, s, S-OMe), 6.85 (2H, d, J 8Hz, 3 
and 4-H), 7.65 (2H, d, 18Hz, 6 and 7-ID, 8.80 (lH, s, 1-H). 
N-(Trimethylsilyl)-4-methylbenzylaldimine (17) 
OH (200 MHz; CDCh) 0.18 (9H, s, SiMe3), 2.21 (3H, s, 5-Me), 7.16 (2H, d, J 8Hz, 3 and 
4-H), 7.62 (2H, d, J 8Hz, 6 and 7-ID, 8.86 (lH, s, 1-H). 
N-(Trimethylsilyl)-4-cyanobenzylaldimine (18) 
OH (200 MHz; CDCh) 0.26 (9H, s, SiMe3), 7.70-7.90 (4H, m, 3,4,6 and 7-H), 8.97 (Ill, s, 
1-H). 
N-(Trimethylsilyl)-4-bromobenzylaldimine (19) 
OH (200 MHz; CDCh) 0.34 (9H, s, SiMe3), 7.46-7.68 (4H, m, 3,4,6 and 7-H), 9.21 (1H, s, 
1-H). 
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Pvrrolidine derivatives (24-31) 2:1 cis:trans 
To a solution ofvinylcyclopropane 1 (480mg, 2.61mmol), N-(trimethylsilyl)imine 
12-19 (2.61 mmol) and zinc chloride (710mg, 2 eq, 5.22 mmol) in THF (20 ml) was 
added tetrakis(triphenylphosphine) palladium(O) (302mg, 0.26 mmo\). The reaction 
mixture was allowed to stir at RT for 24 hours. The solvent was then removed in vacuo to 
give a residue, which was suspended in fresh EtOAc (30ml) and distilled water (30ml). 
The layers were then basified with NaHC03 (30 ml) and the mixture filtered through 
silica gel. The organic layer was separated and the aqueous re-extracted with a further 2 x 
30ml portions of EtOAc. The organics were then combined and dried over MgS04. 
Concentration of the organics in vacuo gave brown oils which after purification by 
column flash chromatography (SiOz, EtzO: P.E. 40-60; 2:3) afforded the pyrrolidine 
derivatives 24-31 as yellow oils: 
2-Phenyl-5-viny\pyrrolidine-3,3-dicarboxylic acid dimethyl ester (24) 
Using 12 gave 24 (336mg, 45%); (Rr 0.46, EtzO: P.E. 40-60; 2:3); Umax (thin 
film)/cm'1 3649w (N-H str), 2953s (C-H str), 1733s (C=O str), 1437s (C=C str); OH (250 
MHz; CDCb) 2.21-2.26 (lH, m, 4-C'(H)H), 2.46-2.50 (2H, m, 4-CH2), 2.65-2.71 (HI, m, 
4-C'(H)H), 3.04-3.12 (12H, m, 2 x OCH3 and 2 x OC'H3), 3.25-3.29 (2H, m, 5-C'H and 
5-CH), 4.67 (2H, br, s, N-H and N'-H), 5.15-5.18 (2H, m, CH2=CH), 5.19-5.20 (2H, m, 
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C'H2=C'H), 5.24 (lH, s, 2-C'H), 5.33-5.42 (lH, m, CH2=CH), 5.78 (1H, s, C'H2=C'H), 
5.80-5.82 (2H, m, 2-C'H and 2-CH), 7.19-7.36 (10H, m, 5 x Ph-CH and 5 x Ph-C'H); l.ic 
(100 MHz; CDCb) 31.57 (4-~H2), 39.06 (4-C'H2}, 51.19, 51.70, 51.93, 52.49 (4 x OMe), 
52.50 (5-~H), 52.85 (5-C'H), 63.96 (3-C'}, 64.18 (3-~}, 60.97 (2-~H), 70.14 (2-C'H), 
117.42 (~H2=CH), 118.72 (C'H2=C'H), 127.54 (Ph-~H and Ph-C'H), 139.63 (CH2=CH), 
128.79 (Ph-ipso-~ and Ph-ipso-C'), 139.98 (C'H2=C'H}, 169.31, 172.05 (2 x ~=0 and 2 
x C'=O); mlz (FAB) 288 [MW, 100%], 125 [51], 144 [40], 185 [10]; (Found: MW 
288.1241, C16H1904N requires 289.1314). 
2-Stml-5-vinylpyrrolidine-3.3-dicarboxylic acid dimethyl ester (25) 
Ph 
Using 13 gave 25 (329mg, 40%}; (Rr 0.22, Et20: P.E. 40-60; 2:3); Umax (thin 
film)/cm'1 3649w (N-H str}, 2953s (C-H str}, 1735s (C=O str}, 1439s (C=C str); OH (250 
MHz; CDCb) 2.31-2.32 (lH, m, 4-C'(H)H}, 2.49-2.51 (2H, m, 4-CH2}, 2.57-2.61 (lH, m, 
4-C'(H)H), 3.12-3.54 (12H, m, 2 x OCH3 and 2 x OC'lli), 3.70-3.76 (2H, m, 5-C'H and 
5-CH), 4.12 (lH, d, J 7Hz, N-H}, 4.95 (1H, d, J 7Hz, N' -H), 5.10-5.11 (2H, m, 
CH2=CH), 5.18-5.19 (2H, m, C'H2=C'H), 5.49-5.50 (1H, m, CH2=CH), 5.93-5.98 (1H, 
m, C'H2=C'H), 5.93-5.99 (2H, m, 2-C'H and 2-CH), 6.56-6.60 (4H, m, J 10Hz, 2-
C'H=C'H and 2-CH=CH), 7.20-7.35 (!OH, m, 5 x Ph-CH and 5 x Ph-C'H); l.ic (100 
MHz; CDCh) 37.61 (4-~H2), 39.05 (4-C'H2}, 52.00, 51.89, 52.41 and 52.62 (4 x OMe}, 
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52.77 (5-CH), 52.79 (5-C'H), 63.12 (2-CH), 63.54 (3-C), 64.03 (3-C'), 68.55 (2-C'H), 
116.17 (CH2=CH), 117.17 (C'H2=C'H), 127.84 (Ph-CH and Ph-C'H), 128.56 (Ph-ipso-C 
and Ph-ipso-C'), 130.87 (CH=CH and C'H=C'H), 134.82 (CH=CH and C'H=C'H), 
139.82 (CH2=CH), 140.07 (C'H2=C'H), 169.33, 171.66 (2 x C=O and 2 x C'=O); mlz 
(FAB) 315 [MH+, 100%], 264 [20], 170 [90], 125 [80]; (Found: MF 315.1470, 
Ct8H2t04N requires 315.1470). 
(2' -Furyll-5-vinylpyrrolidine-3.3-dicarboxylic acid dimethyl ester (26) 
7 
11 
X=OorS 
Using 14 gave 26 (241mg, 33%); (Rr 0.21, Et20: P.E. 40-60; 2:3); Umax (thin 
film)/cm·1 3475w (N-H str), 2953s (C-H str), 1737s (C=O str), 1435w (C=C str); OH (250 
MHz; CDCh) 2.22-2.26 (Uf, m, 4-C'(H)H), 2.52-2.55 (2H, m, 4-CH2), 2.67-2.70 (IH, m, 
4-C'(H)ID, 3.36 (6H, s, 2 x OMe), 3.97 (6H, s, 2 x OMe) 4.11-4.13 (1H, m, 5-CH), 4.45-
4.47 (1H, m, 5-C'H), 4.90 (2H, s, N-H and N'-ID, 5.14-5.16 (2H, m, CH2=CH), 5.21-
5.30 (2H, m, C'H2=C'H), 5.31-5.43 (2H, m, 2-C'H and 2-CH), 5.44-5.45 (IH, m, 
CH2=CH), 5.46-5.47 (IH, m, C'H2=C'H), 6.26-6.29 (2H, m, 11-C(ID) and 11-C'(H)), 
7.27-7.58 (4H m, 9,10-C(H)) and 9,10-C'(ID); oc (100 MHz; CDCb) 37.21 (4-CH2), 
38.61 (4-C'H2), 51.73, 51.80 (OC'H3, OCHJ), 52.52 (OCHJ), 52.63 (OC%), 52.70 (5-
CH), 53.07 (5-C'H), 62.35 (3-C'), 62.62 (3-C), 63.92 (2-CH), 64.17 (2-C'H), 109.92 (8-
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.C and 8-C'), 128.36 (9,10-.C and 9,10-C'), 139.30 (11-.C and 11-C'}, 116.68 (.CH2=CH), 
117.68 (C%=C'H), 139.63 (CH2=.CH), 139.98 (C'H2=C'H), 169.23, 171.39 (2 X .C=O 
and 2 x C'=O); mlz (F AB) 278 [MH+, 100%], 185 [10], 144 [5], 134 [30]; (Found: MH+ 
278.1026, C14H170sN requires 279.1106). 
2-Thiophene-5-vinylpyrrolidine-3.3-dicarboxylic acid dimethyl ester (27) 
Using 15 gave 27 (241mg, 31%); (Rr 0.23, EhO: P.E. 40-60; 2:3); Umax (thin 
film)/cm-1 2952m (C-H str), 1752s (C=O str), 1434m (C=C str), 3473w (N-H str); OH 
(250 MHz; CDCb) 2.04-2.05 (IH, m, 4-C'(IDH), 2.49-2.55 (2H, m, 4-CH2), 2.73-2.79 
(IH, m, 4-C'(H)H), 3.35 (3H, s, OMe}, 3.38 (3H, s, OMe), 3.78 (3H, s, OMe), 3.82 (3H, 
s, OMe) 4.38-4.41 (IH, m, 5-C'H), 5.24-5.25 (IH, m, 5-CH), 5.36-5.37 (2H, m, 
CH2=CH), 5.41-5.42 (2H, m, C'Hz=C'H), 5.94-5.95 (2H, m, 2-C'H and 2-CH), 5.96-5.98 
(IH, m, CH2=CH), 5.98-6.07 (IH, m, C'Hz=C'H), 6.86-7.27 (6H, m, 9,10,11-C(H)) and 
(9,10,11-C'(ID); lie (100 MHz; CDCh) 29.70 (4-.CH2), 31.56 (4-C'H2), 51.73 and 51.89 
(OC'H3, O.CHJ), 52.49 (O.CHJ), 53.0 (OC'H3), 53.13 (5-CH), 55.16 (5-C'H), 63.83 (3-
C'), 64.50 (3-.C), 65.23 (2-.CH), 67.60 (2-C'H), 117.39 (CH2=CH), 117.61 (C'H2=C'H), 
125.02 (9,10-.C and 9,10-C'), 129.10 (11-.C and 11-C'), 139.38 (CH2=.CH), 139.98 
(C'H2=C'H), 146.44 (8-.C and 8-C'), 168.81, 171.61 (2 x .C=O and 2 x C'=O); mlz 
(FAB) 294 [MH+, 40%], 185 [30], 154 [80], 109 [lOO]; (Found: MH+ 294.0807, 
C1Jf1704NS requires 295.0878). 
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2-(4-Methoxylbenzene)-5-vinylpvrrolidine-3,3-dicarboxylic acid dimethyl ester (28) 
. Using 16 gave 28 (370mg, 45%); (Re 0.21, Et20: P.E. 40-60; 2:3); Umax (thin 
film)/cm·1 3648 (N-H str), 2950s (C-H str), 1736s (C=O str), 1610s (C-O-Me str), 1461s 
(C=C str); <'lH (250 MHz; CDCh) 2.21-2.24 (HI, m, 4-C'(H)H), 2.50-2.52 (2H, m, 4-
CHz), 2.62-2.68 (UI, m, 4-C'(H)H), 3.13 (6H, s, 2 x OMe), 3.75 (12H, s, 4 x OMe), 4.61 
(lH, s, N-H and N' -ID, 5.14-5.15 (2H, m, CHz=CH), 5.17-5.19 (2H, m, C'H2=C'H) 5.23-
5.24 (1H, m, CHz=CH), 5.43-5.44 (1H, m, C'Hz=C'H), 5.77-5.83 (2H, m, 2-C'H and 2-
CH), 6.79-7.28 (8H, m, 4 x MeOAr-CH and 4 x MeOAr-C'ID; <'le (100 MHz; CDCh) 
31.67 (4-rHz), 38.94 (4-C'Hz), 51.73, 51.81 (OC'H3, orH3), 52.02 (O_tH3), 52.08 
(OC'H3), 52.19 (5-rH), 52.48 (5-C'H), 63.81 (3-C'), 64.00 (3-C), 68.99 (2-C'H), 69.58 
(2-rH), 116.78 (C'Hz=C'H), 117.34 (rHz=CH), 127.84-130.44(4 X MeOArC-H and 
MeOArC'-H), 131.99 (MeOAr-C and MeOAr-C'), 139.71 (CH2=CH), 139.71 (MeOAr-C 
and MeOAr-C'), 137.53 (C'Hz=C'H), 169.56, 172.10 (2 x C=O and 2 x C'=O); mlz 
(FAB) 318 [MH+, 100%], 185 [20], 174 [90], 125 [80]; (Found: MH+ 318.1344, 
-- CI7HziOsNrequires318.1341). 
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-- ----------------------------------------------------
2-( 4-Methylbenzene)-5-vinylpyrrolidine-3.3-dicarboxylic acid dimethyl ester (29) 
Using 17 gave 29 (300mg, 38%); (Rr 0.38, EhO: P.E. 40-60; 2:3); Umax (thin 
film)/cm·1 3648 (N-H str), 2951s (C-H str), 1736s (C=O str), 1461s (C=C str); OH (250 
MHz; CDCh) 2.21-2.30 (lH, m, 4-C'(H)H), 2.30 (6H, s, MeAr), 2.47-2.48 (2H, m, 4-
CH2), 2.49-2.66 (1H, m, 4-C'(H)H), 3.68-3.77 (2H, m, 5-C'H and 5-CH), 3.79 (12H, s, 4 
x OMe), 4.63 (2H, s, N-H and N'-H), 5.14-5.16 (2H, m, CH2=CH), 5.17-5.18 (2H, m, 
C'H2=C'H), 5.33-5.42 (1H, m, CH2=CH), 5.43-5.77 (1H, m, C'H2=C'H), 5.79-5.80 (2H, 
m, 2-C'H and 2-CH), 7.05-7.30 (8H, m, 4 x MeAr-CH and 4 x MeAr-C'H); Oc (100 
MHz; CDCh) 15.27 and 21.10 (2-CHJ and 2-C'HJ), 29.10 (4-CH2), 31.59 (4-C'H2), 
51.81 and 51.93 (OC'H3 and OCHJ), 52.09 (5-CH), 52.47 (5-C'H), ), 64.00 (3-C), 64.08 
(3-C'), 64.59 (2-CH), 69.90 (2-C'H), 116.06 (C'H2=C'H), 117.33 ({;H2=CH), 127.37-
130.90 (MeArC-H and MeArC'-H), 136.69 (MeOAr-C and MeOAr-C'), 137.66 (MeAr-
C and MeAr-C'), 139.98 (C'H2=C'H), 139.99 (CH2=CH), 169.70, 172.12 (2 x C=O and 2 
x C'=O); mlz (FAB) 302 [MH+, 100%], 185 [10], 158 [40], 125 [35]; (Found: MW 
302.1399, C17H210 4N requires 302.1392). 
2-( 4-Cyanobenzene)-5-vinylpyrrolidine-3.3-dicarboxylic acid dimethyl ester (30) 
Using 18 gave 30 (272mg, 33%); (Rr 0.36, EhO: P.E. 40-60; 2:3); Umax (thin 
film)/cm'1 3647 (N-H str), 2954s (C-H str), 2228s (C=N str), 1733s (C=O str), 1435s 
(C=C str); OH (250 MHz; CDCh) 2.14-2.17 (1H, m, 4-C'(H)H), 2.67-2.72 (2H, m, 4-
CH2), 2.93-2.95 (1H, m, 4-C'(H)H), 3.16 (6H, s, 2 x OMe), 3.81 (6H, s, 2 x OMe), 4.38-
4.47 (2H, m, 5-C'H and 5-CH), 5.22-5.26 (2H, m, CH2=CH), 5.25-5.27 (2H, m, 
C'H2=C'H), 5.71-5.74 (lH, m, CH2=CH), 5.60-5.62 (1H, m, C'H2=C'H), 5.82-6.13 (2H, 
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m, 2-C'H and 2-CH), 7.49-7.55 (8H, m, 4 x Ar-CH and 4 x Ar-C'H); 15c (100 MHz; 
CDCh) 27.74 and 28.11 (2-.CHJ and 2-C'HJ), 38.48 (4-,CH2), 38.78 (4-C'Hz), 50.35 and 
51.10 (OC'H3 and O,CH3), 51.23 (5-C'H), 52.19 (5-,CH), 64.21 (3-C'), 64.35 (3-,C), 77.63 
(2-,CH), 80.66 (2-C'H), 116.20 (.CHz=CH), 116.83 (C'Hz=C'H), 125.44-135.67 (Ar.C-H 
and ArC'-H), 141.18 (CHz=.CH), 141.76 and 141.90 (Ar-.C and Ar-C'), 141.90 
(C'Hz=C'H), 166.67 (2-.C=N and 2-C'=N), 168.04, 168.84 (2 x C=O and 2 x C'=O); mlz 
(FAB) 316 [MH+, 100"/o}, 185 [80}, 153 [70], 130 [35]; (Found: MH+ 316.1424, 
C17His04N2 requires 316.1423). 
2-(4-Bromobenzene)-5-viny1pyrrolidine-3.3-dicarboxylic acid dimethyl ester (31) 
Using 19 gave 31 (294mg, 31%); (Rr 0.35, EtzO: P.E. 40-60; 2:3); Umax (thin 
film)/cm'1 2953s (C-H str), 1754s (C=O str), 1485s (C=C str), 3670 (N-H str); OH (250 
MHz; CDCh) 2.25-2.29 (IH, m, 4-C'(H)H), 2.49-2.51 (2H, m, 4-CHz), 2.64-2.68 (IH, m, 
4-C'(H)H), 3.09-3.18 (12H, m, 2 x OClli and 2 x OC'lli), 3.72-3.78 (2H, m, 5-C'H and 
5-CH), 4.63 (2H, s, N-H and N'-H), 5.16-5.19 (2H, m, CH2=CH), 5.20-5.23 (2H, m, 
C'Hz=C'H), 5.33-5.36 (lH, m, CHz=CH), 5.39-5.42 (lH, m, C'Hz=C'H), 5.75-5.80 (2H, 
m, 2-C'H and 2-CH), 7.23-7.42 (8H, m, 4 x Ar-CH and 4 x Ar-C'H); 15c (100 MHz; 
CDCb) 29.68 (4-.CHz), 30.91 (4-C'Hz), 52.08, 52.23 (OC'H3 and O,CH3), 52.52 (5-,CH), 
52.93 (5-C'H), 63.94 (3-Q), 64.02 (3-,C), 64.70 (2-CH), 69.45 (2-C'H), 116.06 
(C'Hz=C'H), 117.62 (.CHz=CH), 127.71-131.01 (Ar,C-H and Ar,C' -H), 139.05 (Ar-.C and 
Ar-C'), 139.36 (Ar-.C and Ar-C'), 140.04 (C'Hz=C'H), 140.07 (CHz=.CH), 169.22, 
171.81 (2 x .C=O and 2 x C'=O); mlz (FAB) 368 [~, 100%], 222 [35], ·185 [40], 125 
[99]; (Found: MH+ 367.0425, C16His04NBr requires 367.0419). 
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4-Methoxylbenzene-2-styt:yl-5-vinylpyrrolidine-3.3-dicarboxylic acid dimethyl ester (32) 
and 1-cyclopentanal-2-phenyl-5-vinyl-3.3-dicarboxylic acid dimethyl ester (33) 
R= CHO or CH,OH 
To a solution ofvinylcyclopropane 1 (300mg, 1.63mmol), imine 20 (337mg, 1.63 
mmol) and zinc chloride (444mg, 2 eq, 3.26 mmol) in THF (10 ml) was added 
tetrakis(triphenylphosphine) palladium(O) (188mg, 0.16 mmol). The reaction mixture was 
allowed to stir at RT for 24 hours. The solvent was then removed in vacuo to give a 
residue, which was suspended in fresh EtOAc (50ml) and distilled water (30ml). The 
mixture was then filtered through silica gel. The organic layer was separated and washed 
with 2 x 30ml portions of distilled water and dried over MgS04. Concentration of the 
organics in vacuo gave a brown oil which after purification by column flash 
chromatography (Si02, Et20: P.E. 40-60; 1 :4) afforded the pyrrolidine derivative 32 as an 
orange oil (198mg, 38%) and the substituted cyclopentanal 33 as a yellow oil (52mg, 
10%) ; (Rr 0.65 and 0.68, Et20: P.E. 40-60; 1:1); 32 Umax (thin film)/cm'1 2951w (C-H 
str), 1734s (C=O str), 1510s (C=C str); OH (250 MHz; CDCb) 2.61-3.14 (2H, m, 4-CH2), 
3.61-3.72 (6H, m, 2 x OCH3), 3.74-3.80 (IH, m, 5-CH), 3.82 (3H, s, 1-0Me), 5.21-5.38 
(2H, m, CH2=CH), 5.86-5.89 (1H, m, CH2=CH), 5.96-5.99 (IH, m, 2-CH), 6.08-6.67 
(2H, m, 2-CH=CH-Ph), 6.70-6.79 (4H, m, 4 x MeOAr-CH), 7.23-7.34 (SH, m, 5 x 2-Ph-
CH), 33 9.60 (IH, s, 1-CHO); 32 llc (100 MHz; CDCb) 37.95 (4-{;H2), 52.13 (OCH3), 
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52.93 (O.CH3), 59.00 (5-.CH), 63.21 (3-.c), 68.31 (2-.CH), 114.36, 114.40, 114.44, 115.59 
(4 x 1-MeOAr-.CH), 116.51 (.CHz=CH), 126.13-128.70 (2- 5 x Ph-CH), 132.98, 134.64 
(Ar-ipso-.C and Ar-para-.c), 138.56 (2-.CH=CH-Ph), 140.05 (2-CH=.CHPh), 141.83 
(CH2=_cH), 168.30, 170.53 (2 x C=O), 33 200.99 (1-.CHO); 32 mlz (FAB) 350 [MH+, 
5%], 318 [20], 109 [100], 123 [40]; (Found: MH+ 350.1960, C19Hz70sN requires 
350.1968). 
1-cyclopentamethanol-2-phenyl-5-vinyl-3.3-dicarboxylic acid dimethyl ester (34) 
To 33 (SOmg, 0.16 mmol) was added NaBH~ (20mg) in methanol (5ml) and the 
reaction mixture stirred for 24 hours under Nz. After this 5 drops of cone. HCI and EtOAc 
(1 Oml) was added to the mixture. The solution was dried over MgS04, and the solvent 
removed in vacuo to give 34 quantitatively as an orange oil; (Rr 0.11, EtzO: P.E. 40-60; 
1:4); Umax (thin film)/cm'1 3446br (OH str), 2922w (C-H str), 1727s (C=O str), 1455s 
(C=C str); 15H (250 MHz; CDC!3) 2.29-3.09 (2H, m, 4-CHz), 3.11-3.66 (6H, m, 2 x 
OC.fu), 3.69-3.72 (1H, m, 3-CID, 4.01 (2H, d, 1-CHz), 4.61 (lH, s, br, 0-ID 5.08-5.89 
(3H, m, CH2=CH), 7.20-7.28 (5H, m, 5 x 2-Ph-CH); lie (100 MHz; CDCh) 40.09 (4-
.CHz), 51.50 (O.CHJ), 51.96 (O.CH3), 52.73 (3-.CH), 62.28 (2-.CH), 62.33 (5-.c), 64.6 (1-
.CH2), 116.51 (.CH2=CH), 127.22-128.99 (2-Ph-.CH), 131.41 (Ph-ipso-.C) 140.03 
(CH2=.CH), 173.06, 170.77 (2 x.C=O); mlz (FAB) 319 [MW, 10%], !76 [90], 154 [lOO], 
136 [100]. 
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N-(Phenyl)-2-phenyl-5-vinylpyrrolidine-3.3-dicarboxylic acid dimethyl ester (35) THF-
3:1 cis:trans. DMF-1:1 cis:trans 
To a solution ofvinylcyclopropane 1 (300mg, 1.63mmol), imine 21 (295mg, 1.63 
mmol) and zinc chloride (444mg, 2 eq, 3.26 mmol) in THF (10 ml) or DMF (10 ml) was 
added tetrakis(triphenylphosphine) palladium(O) (188mg, 0.16 mmol). The reaction 
mixture was allowed to stir at RT for 24 hours. The solvent was then removed in vacuo to 
give a residue, which at first was suspended in fresh EtOAc (50ml) and then distilled 
water (30ml). The mixture was then filtered through silica gel. The organic layer was 
separated and washed with 2 x 30ml portions of distilled water and dried over MgS04. 
Concentration of the organics in vacuo gave a brown oil which after purification by 
column flash chromatography (SiOz, EtzO: P.E. 40-60; 1:4) afforded the pyrrolidine 
derivative 35 as an orange oil (207mg, 35%) in THF and (290mg, 49%) in DMF; (Rr 
0.30, EtzO: P.E. 40-60; 1 :4); Umax (thin film)/cm·1 2950w (C-H str), 1737s (C=O str), 
1501m (C=C str); OH (250 MHz; CDCh) 2.60-2.67 (1H, m, 4-C'(li)H), 2.82 (2H, m, 4-
CHz), 3.11-3.14 (HI, m, 4-C'(H)H), 3.35-3.79 (12H, m, 2 x OCH3 and 2 x OC'H3), 4.12-
5.00 (2H, m, 5-C'H and 5-CH), 5.37-5.42 (2H, m, C_fu=CH), 5.43 (2H, d, J 2.5Hz, 
C'H2=C'H), 5.87-5.88 (IH, m, CHz=CH), 5.89-5.91 (IH, m, C'Hz=C'H), 6.08-6.13 (2H, 
m, 2-C'H and 2-CH), 6.49-6.70 (!OH, m, 5 x 2-Ph-CH and 5 x 2-Ph-C'H), 7.08-7.41 
(10H, m, 5 x 1-Ph-CH and 5 x 1-Ph-C'H); Oc (100 MHz; CDCh) 35.95 (4-{;H2), 37.75 
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(4-C'H2), 52.17, 52.47 (OC'H3, OCH3), 52.96 (5-f:;H), 53.27 (5-C'H), 64.32 (3-C'), 
64.41 (3-f:;), 66.45 (2-f:;H), 70.78 (2-C'H), 116.35 (f::Hz=CH), 116.78 (C'Hz=C'H), 
113.86, 114.31, 117.83 (2-Ph-{;H and 2-Ph-C'H), 127.43-128.62 (1- Ph-{;-H and 1-Ph-
f::'-H), 137.80, (1-Ph-{; and 1-Ph-C'), 138.32 (2-Ph-C and 2-Ph-C'), 139.39 (CH2={;H), 
140.09 (C'H2=C'H), 167.70, 170.72 (2 x C=O and 2 x C'=O); mlz (FAB) 365 [MH\ 
80%], 221 [35], 147 [40], 109 (100]; (Found: MH+ 365.1621, C22H2304N requires 
365.1627). 
4-Methoxylbenzene-2-phenyl-5-vinylpyrrolidine-3.3-dicarboxylic acid dimethyl ester 
(36) a) 6:1 cis:trans, b) 1:3 cis:trans c) 1:4 cis:trans 
To a solution of vinylcyclopropane l (213mg, 1.16mmol), N-benzylidene-para-
anisidine 22 (244mg, 1.16 mmol) and zinc chloride (315mg, 2.31mmol) in THF (6 ml) 
was added tetrakis(triphenylphosphine) palladium(O) (134mg, 0.12mmol). The reaction 
mixture was allowed to stir at RT for 24 hours. The solvent was then removed in vacuo to 
give a residue, which was suspended in fresh EtOAc (30ml), filtered through silica gel, 
washed with distilled water (2x30ml) and dried over MgS04. Concentration of the 
organics in vacuo gave a brown oil which after purification by column flash 
chromatography (SiOz, EtzO: P.E. 40-60; 1:4) afforded pyrrolidine 36 (101mg, 22%) as 
an orange oil; (Rr 0.18, EtzO: P.E. 40-60; 1:4); Umax (thin film)/cm·1 2953w (C-H str), 
1731s (C=O str), 1514s (C=C str), 1454m, 1241m, 1039w, 918w, 815w, 733w, 702w; OH 
(250 MHz; CDCh) 2.41-2.45 (1H, m, 4-C(IDH), 2.48-2.50 (lH, m, 4-C'(H)H), 2.74-2.81 
(1H, m, 4-C'(H)H), 3.13-3.16 (lH, m, 4-C(H)H), 3.25-3.68 (12H, m, 2 x OCfu and 2 x 
OC'lli), 4.04-4.20 (2H, m, 5-C'H and 5-CB), 5.05-5.08 (2H, m, CHz=CH), 5.22-5.27 
(2H, m, C'H2=C'H), 5.64-5.67 (2H, m, 2-C'H and 2-CH), 5.33-5.39 (1H, m, CH2=CH), 
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5. 76-5.81 (HI, m, C'H2=C'B), 6.35 (2H, d, J 9.0 Hz, 2 x MeOAr-CB), 6.48 (2H, d, J 9.0 
Hz 2 x MeOAr' -C'B), 6.57 (2H, d, J 9.0 Hz, 2 x MeOAr-CB), 6.62 (2H, d, J 9.0 Hz, 2 x 
MeOAr-C'B), 7.01-7.34 (I OH, m, 5 x Ph-CH and 5 x Ph-C'ID; lie (lOO MHz; CDCh) 
36.18 (4-!:;H2), 37.95 (4-C'H2), 52.23 and 53.23 (OC'H3 and O!:;H3), 55.57 (OCH3), 
55.64 (OC%), 60.00 (5-!::;H), 60.58 (5-C'H), 64.43 (3-C'), 64.56 (3-!::;), 66.71 (2-!::;H), 
71.34 (2-C'H), 114.36, 115.09, 115.11 (MeOAr-CH and MeOAr-C'H), 116.07 
(!:;H2=CH), 116.72 (C%=C'H), 127.64 (MeOAr-!:;H and MeOAr-C'H), 128.10 (Ph-!:;H 
and Ph-C'H), 128.37 (MeOAr-!:;H and MeOAr-C'H), 138.23 (CH2={;H), 138.62 (Ph-
ipso-!;; and Ph-ipso-C'), 138.69 (C'Hz=C'H), 140.53, 141.93, 139.58 (Ar-ipso-!;; and Ar-
ipso-C', Ar-para-!;; and Ar-para-C'), 167.78, 170.83 (2 x !::;=0 and 2 x C'=O); mlz (El+) 
395 [MW, 72%], 25 [51], 85 [100), 47 [92); (Found: MH+ 395.1729, C23H240sN requires 
395.1732). 
4-Methoxvlbenzene-2-phenyl-5-vinylpyrrolidine-3-cyano-3-carboxylic acid ethyl ester 
(37) 
To a solution of vinylcyclopropane 2 (165mg, l.Ommol), N-benzylidene-para-
anisidine 22 (2llmg, 1.0 mmol) and zinc chloride (273mg, 2.0mmol) in DMF (5 m!) was 
added tetrakis(triphenylphosphine) palladium(O) (116mg, O.lmmol). The reaction 
mixture was allowed to stir at RT for 24 hours. The solvent was then removed in vacuo to 
give a residue, which was suspended in fresh EtOAc (30ml), filtered through silica gel, 
washed with distilled water (2x30ml) and dried over MgS04. Concentration of the 
organics in vacuo gave a yellow oil which after purification by column flash 
chromatography (Si02, EhO: P.E. 40-60; 1:4) afforded pyrrolidine 37 (250mg, 66%) as 
an orange oil; (Rr 0.44, Et20: P.E. 40-60; I :4); Umax (thin film)/cm·1 2923s, 2853s (C-H 
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str), 2246w (C=N str}, 1746m (C=O str), 1513m (C=C str), 1375m, 1273m, 1037m, 
929m, 819m, 70lm; 15H (250 MHz; CDCh) 1.30-1.36 (3H, m, 3-C02CH2CH3), 2.27-2.40 
(lH, m, 4-C(IDH), 3.13-3.16 (1H, m, 4-C(H)H), 3.41-3.47 (lH, m, 5-CID, 3.73 (3H, s, 
1-0CH3), 4.30-4.35 (2H, m, 3-C02CH2CH3), 4.70 (lH, s, 2-CH), 5.11-5.16 (2H, m, 
CH2=CH), 5.40-5.61 (1H, m, CH2=CH), 6.59-6.62 (2H, m, 1-2 x MeOAr-CH), 6.71-6.75 
(2H, m, 1-2 x MeOAr-CH), 7.23-7.47 (5H, m, 2-2x PhCH); 15c (lOO MHz; CDCh) 30.03 
(4-~H2), 55.87 (O~H3), 62.24 (3-0CH2~H3), 64.18 (3-0~H2CH3), 72.68 (5-.CH), 76.29 
(3-n 75.13 (2-.CH), 114.25, 114.40, 114.58, 114.63 (MeOAr-.CH), 116.42 (~H2=CH), 
127.49 (Ph-.CH), 127.75 (CH2=~H), 128.37 (Ph-ipso-.C), 129.24, 129.16, 129.02 (Ar-
ipso-.C and Ar-para-h), 138.83 (3-C=N), 139.86 (3- .C=O); mlz (El+) 376 [MW, 60%], 
251[100), 236[10], 211[15]; (Found: MH+ 376.1790, C23H240 3N2 requires 376.1787). 
2-Phenyl-5-vinyl-dihydro-furan-3.3-dicarboxylic acid dimethyl ester ( 40) THF - 3:1 
cis:trans. DMF - 2:1 cis:trans. 
44:G 
/:(_~wG 
{/s o2Ph 
To a solution of vinylcyclopropane 1 (114mg, l.Ommol) in THF (5 ml) was 
added benzaldehyde (106J.tl, l.Ommol) and zinc chloride (272mg, 2.0mmol) at RT. The 
mixture was left to stir for 10 minutes before adding a catalytic amount of 
tetrakis(triphenylphosphine) palladium(O) (116mg, 0.10mmol). The resulting mixture was 
allowed to stir at RT for 24 hours. The solvent was then removed in vacuo and the 
residue dissolved in DCM (30ml). The palladium catalyst was filtered off under suction 
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through silica gel and the organic layer washed with distilled water (2 x 30ml), dried over 
MgS04 and concentrated in vacuo to give a crude yellow oil. Purification by column 
flash chromatography (SiOz, EhO: P.E. 40-60; 1:4) afforded furan 40 (60mg (21%)) as a 
colourless oil; (Rr 0.25, Et20: P.E. 40-60; 1 :4); Umax (thin film)/cm·1 1734 (C=O str), 
2956w (C-H str), 1498w (C=C str); DH (250MHz; CDCb) 2.19-2.22 (lH, m, 4-C(IDH), 
2.50-2.54 (HI, m, 4-C'(IDH), 2.79-2.82 (lH, m, 4-C'(H)H), 3.04-3.06 (HI, m, 4-C(H)H), 
3.12-3.19 (I2H, m, 2 x OC'H3 and 2 x OC_lli), 3.78-3.83 (2H, m, 5-C'H and 5-GID, 
4.41-4.52 (2H, m, 2-C'H and 2-CH), 5.28-5.45 (4H, m, Cfu=CH and C'Hz=C'H), 5.69-
5.81 (IH, m, CHz=CH and C'Hz=CH), 7.26-7.41 (!OH, m, 5 x Ph-Hand 5 x Ph'-ID; De 
(100 MHz; CDCh) 40.74, 40.91 (4-C'Hz and 4-!::Hz), 66.58 (3-!:; and 3-C'), 79.61, 80.33 
(5-C'H and 5-!:;H), 83.88, 84.61 (2-{;H and 2-C'H), 116.47 (!::Hz=CH), I 18.05 
(C'Hz=CH), 126.89, 127.34, 128.18, 128.24, 128.36, 128.49 (2-5 x Ph-{;H and 2-5 x Ph-
C'H), 136.85 (C'Hz=C'H), 138.16 (CHz=!::H), 138.52, 138.65 (ipso-{; and ipso-C'), 
169.34, 169.51, 170.79, 171.59 (2 x !:;=0 and 2 x C'=O); mlz (El+) 290 [MH+, 76%], 
!85 [24], 153 [100], and 121 [75]; (Found: MW 290.2840, C1JI180 5 requires 290.2880). 
2-Phenyl-5-vinyl-dihydro-furan-3-cyano-3-carboxylic acid ethyl ester ( 41) 
To a solution of vinylcyclopropane 2 (165mg, l.Ommol) in DMF (10 ml) was 
added benzaldehyde (107mg, l.Ommol) and zinc chloride (272mg, 2.0mmol). The 
mixture was left to stir for 10 minutes before adding a catalytic amount of 
tetrakis(triphenylphosphine) palladium( D) (120mg, 0. !Ommol). The resulting mixture was 
allowed to stir at RT for 24 hours. The solvent was then removed in vacuo and the 
residue dissolved in DCM (30ml). The palladium catalyst was filtered off under suction 
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through silica gel and the organic layer washed with distilled water (2 x 30ml), dried over 
MgS04 and concentrated in vacuo to give a crude yellow oil. Purification by column 
flash chromatography (SiOz, DCM 100%) afforded furan 41 (180mg, 69%) as a yellow 
oil; (Rf 0.21, EtzO: P.E. 40-60; 1 :4); Umax (thin film)/cm-1 2986s (C-H str), 2247m (C<=N 
str), 1731s (C=O str), 1495m (C=C str); DH (250MHz; CDCb) 2.49-2.51 (1H, m, 4-
C(H)H), 3.02-3.04 (lH, m, 4-C(H)H), 3.70-3.75 (5H, m, 3-0CHzCH3), 4.70-4.74 (lH, m, 
5-CH), 5.25-5.49 (3H, m, CHz=CH), 5.18-5.22 (1H, m, 2-CH), 7.26-7.44 (5H, m, 5 x 2-
Ph-ID; lie (100 MHz; CDCb) 30.02 (4-.CHz), 44.29 (3-.C<=N), 63.79 (3-CHzCHJ), 80.73 
(3-.CH2CH3), 85.94 (5-.CH), 87.17 (3-.c), 88.72 (2-{:;H), 117.26, 117.73 (.CHz=CH), 
ll8.54, 119.04 (CH2={:;H), 126.35, 126.61, 126.74, 126.79 (Ph-.CH), 128.56, 128.67, 
128.8 (Ph ipso-C), 136.81, 136.38 (3-{:;=0); mlz (El+) 271 [MW, 15%] 165[100], 154, 
105[100], 93[100]; (Found: MW 27!.1211, cl6Hl70JN requires 271.1208). 
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X=Brorl 
Bis (3,4-dihydro-2H-pyrrol-I-yl) diodozinc ( 48)62 
To 4-aminobutanal diethyl acetal (2.34g, 14.5 mmol) was added 2M HCI (20 m!) 
and ether (50 ml). The mixture was stirred at 0°C for 30 minutes and then basified with 
potassium carbonate. The aqueous layer was extracted with cold ether (3 x 50 ml). The 
combined ether extracts were dried over potassium carbonate, filtered at 0°C and 
anhydrous zinc iodide (2.08g, 7.2 mmol) was added. The mixture was stirred at 0°C 
under r::h for 30 minutes. The complex 48 was filtered off (250 mg, 7.3%t2 as a white 
solid and washed with ether (10 m!); m.p 204-206°C (lit. m.p. 203-205°C); On (250 MHz; 
CDCh) 2.08-2.21 (2H, m, 4-tl), 2.78-3.21 (2H, m, 3-H), 4.07-4.13 (2H, m, 5-H), 8.29 
(IH, s, 2-H). 
Bis (3,4-dihydro-2H-pyrrol-l-yl) dibromozinc (49)62 
To 4-aminobutanal diethyl acetal (2.43g, 15.07 mmol) was added 2M HCI (20 ml) 
and ether (50 ml). The mixture was stirred at 0°C for 30 minutes and then basified with 
potassium carbonate. The aqueous layer was extracted with cold ether (3 x 25 ml). The 
combined ether extracts were dried over sodium sulphate, filtered at 0°C and anhydrous 
zinc bromide (3.39g, 15.05 mmol) was added. The mixture was stirred at 0°C under N2 
for 30 minutes. The complex 49 was filtered off (0.82g, 30%) as a white solid and 
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washed with ether (10 m!); m.p. 208-209°C; OH (250 MHz; CDCh) 2.01-2.14 (4H, m, 4-
H and 4-H), 2.82-2.91 (4H, m, 4-H and 3-H), 3.99-4.08 (4H, m, 4-H and 5-H), 8.26 (2H, 
s, 2-H and 2-H); oc (100 MHz; CDCh) 20.13 (4-0, 36.75 (3-C), 59.46 (5-{;) and 177.35 
(2-C). 
Tripiperideine (54)63• 64 
To a stirred solution ofN-chlorosuccinimide (4.79g, 36 mmol) and ether (95 ml) 
was added piperidine (1.7g, 19.96 mmol). The mixture was stirred at RT for one hour. 
The residue was filtered off and the solid was successively washed with two 50 m! 
portions of water and a 30 m! portion of brine. The organic layer was dried over MgS04 
and concentrated in vacuo to 20 m!. The resultant N-chloropiperidine 51 was treated with 
sodium methoxide solution (0.60g sodium in 13 m! methanol) and the mixture stirred 
under reflux for 45 minutes. The precipitate was filtered off and the filtrate solvent was 
removed in vacuo. The residual light yellow solid consisted of pure Tripiperideine (54) 
(2.79g, 59%); m.p. 62-64°C (lit.ref m.p. 59-60°C); Oc (100 MHz; CDCb) 22.76, 23.80, 
29.70 (3-CH2, 4-{;H2 and 5-CH2), 44.49 (2-CH2), 77.37 (6-{;H); mlz (El +) 249 [MH+, 
75%], 249 [75], 192 [100], 165, 83, 55; (Found: MW 249.2205, C15H29N3 requires 
249.2207). 
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Tetrakis (triphenylphosphine) palladium (Ot3 
A mixture of palladium dichloride (l.Sg, 8.46mmol), triphenylphosphine (11.09g, 
42.28 mmol) and DMSO (lOOm!) was placed in a three necked 250ml round bottomed 
flask equipped with a magnetic stirrer bar. The mixture was kept under a stream of 
nitrogen using a filter funnel. The yellow mixture was heated by means of an oil bath 
with stirring until complete solution occurs ( -140°C). The bath was taken away and the 
solution rapidly stirred for 15 minutes. Hydrazine hydrate (1.6g, 31.96 mmol) was then 
added to the reaction mixture. A vigorous reaction took place with the evolution of 
nitrogen. Upon cooling, the mixture crystallized into a yellow solid. After the mixture 
had reached room temperature, it was filtered under nitrogen on a coarse, sintered-glass 
funnel. The solid was successively washed with two 1 Oml portions of ethanol and two 
I Oml portions of ether. The resulting yellow crystalline product was transferred to a 
three-necked round-bottomed flask, sealed and stored in the refrigerator for further use. 
The product weighed 9.13g (93%); m.p. 114-116°C (lit.ref. m.p. 114-118°C)43 
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Tetrakis triphenylphosphine palladium(O) and zinc chloride 
Tetrakis triphenylphosphine palladium(O) is a commercially available catalyst, 
however due to it's high cost it was decided to prepare a large quantity of the 
material from relatively cheap starting materials. The catalyst can be easily prepared 
by the addition of palladium dichloride to triphenylphosphine in the presence of 
hydrazine hydrate as the reducing agent (Scheme 35). 43 The yield was high and the 
catalyst was used accordingly for the Pd(O) mediated cycloadditions discussed in 
chapters 3 and 4. 
DMSO 
Hydrazine hydrate 
Scheme 35 
Most of the Pd (0) mediated cycloaddition reactions discussed in chapters 
3 and 4 were carried out in the presence of the Lewis acid zinc chloride. It 
complexes with imines and/or benzaldehyde making them more electrophilic 
species and therefore more reactive to the vinylcyclopropane. It is believed that 
this complexation is the rate-determining step and plays a significant role in the 
stereochemical outcome of Pd(O) mediated cycloadditions. A consistent 2 eq of 
ZnCh was used for each reaction. 
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